Introduction {#sec1-1}
============

Eclampsia remains an important cause of maternal and perinatal morbidity and mortality worldwide. Incidence of eclampsia is one in 2000 deliveries in developed countries and one in 100-1700 deliveries in developing countries.\[[@ref1][@ref2]\] In India, the incidence of eclampsia ranges from 1 in 500 to 1 in 30.\[[@ref3]\] Perinatal mortality rate in neonates of eclamptic mothers is 59 in 1000 in developed countries.\[[@ref4]\] In India, the perinatal mortality of neonates of eclamptic mothers, is very high to the extent of about 30--50%.\[[@ref5]\]

Magnesium sulfate is the anticonvulsant drug of choice for both prevention and treatment of eclampsia. Exactly how magnesium sulfate might control eclamptic convulsions is unclear. Magnesium may cause cerebral vasodilatation with subsequent reduction of cerebral ischemia or block some of the neuronal damage associated with ischemia, or both. A possible mechanism for vasodilatation is calcium antagonism and relaxation of vascular smooth muscle, and it has been suggested that magnesium may have a generalized effect on all smooth muscle, including the peripheral vasculature and uterus.\[[@ref6]\] In addition, magnesium sulfate may have an effect on the cerebral endothelium to limit vasogenic edema by decreasing stress fiber contraction and paracellular permeability via calcium-dependent second messenger systems such as myosin light chain kinase (MLC kinase).\[[@ref7]\] Alternatively, any effects of magnesium sulfate on control of eclamptic convulsions may be wholly or partially, through its role as a blocker of N-methyl-D-aspartate (NMDA) receptors in the brain.\[[@ref8]\] These NMDA receptors are activated in response to asphyxia, leading to calcium influx in the neurons, which causes cell injury. It is suggested that magnesium may block these receptors, so reducing calcium influx and protecting the neurons from damage.

Dose-related toxicity of magnesium sulfate is a major concern.\[[@ref9][@ref10]\] Potential hazards include maternal hypotension, respiratory depression, respiratory arrest and rarely cardiac arrest, decreased tendon reflexes and reduced urinary output.\[[@ref11][@ref12]\] A significant percentage of perinatal and early neonatal morbidity and mortality, is attributed to magnesium toxicity.\[[@ref13]\] Magnesium toxicity leads to increased still birth and early neonatal death, birth asphyxia, bradycardia, hypotonia and hyporeflexia, gastrointestinal hypomotility and meconium plug syndrome.\[[@ref14]\]

With intravenous administration, the onset of anticonvulsant action of magnesium sulfate is immediate and lasts about 30 min. Following intramuscular administration of magnesium sulfate onset of action occurs in about 1 h and persists for about 3 to 4 h.

Previously, no dose adjustments of magnesium sulfate were made for maternal weight, even though maternal weight is much higher in high- than in low-income countries (65 kg vs. 45 kg).\[[@ref9][@ref10][@ref15]\] Various low-dose magnesium sulfate regimens have been described principally because of small size of Indian women and concern about toxicity in circumstances where facility for measurement of serum level of magnesium is not available.\[[@ref16][@ref17][@ref18][@ref19][@ref20][@ref21]\]

In this study we have used (Bankura regimen) of low-dose magnesium sulfate for administration, because study with this regimen showed efficacy similar to standard Pritchard regimen with reduced maternal and perinatal mortality.\[[@ref17]\] However, neonatal outcome has rarely been studied with low-dose magnesium sulfate regimen. So, we have tried to find the safety of same.

Normal serum concentrations of magnesium for adults are 0.75--1.25 mmol/L. Total magnesium serum concentrations advocated for the treatment of eclamptic convulsions are 1.5--3.5 mmol/L.

The primary outcome measures for this study were assessment of neonatal well-being in terms of Apgar score at 1, 5 min of birth, neonatal complications -- birth asphyxia, requirement of intubation in delivery room, bradycardia, hypotonia, hyporeflexia; Neonatal Intensive Care Unit (NICU) care requirement, requirement of significant respiratory support in NICU, time to first stool, time to first void, number of episodes of feeding intolerance, number of still births, and early neonatal deaths.

The secondary outcome measures for this study were -- estimation of maternal serum magnesium level and cord blood magnesium level; correlation of cord blood magnesium level with maternal serum magnesium level (at the time of delivery) and correlation of neonatal outcome with cord blood magnesium level. Prior studies did not include all the parameters which we have mentioned in the present study and also did not consider correlation with serum magnesium levels.

Materials and Methods {#sec1-2}
=====================
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### Study Design {#sec3-2}

This is an observational study of patients with eclampsia who received low-dose magnesium sulfate regimen, and their neonates. The study was registered retrospectively with Clinical Trial Registry, India (CTRI/2014/08/004892).

### Materials and Place of Study {#sec3-3}

The study was carried out in the Department of Obstetrics and Gynaecology, Burdwan Medical College and Hospital, Burdwan, from January 2011 to September 2012.

### Ethics {#sec3-4}

The study was approved by the institutional ethics committee. Written informed consent was obtained from every patient\'s relative, at the start of treatment; written informed consent was also obtained from the patient, once her clinical state was normalized.

### Inclusion Criteria {#sec3-5}

Following patients were included in the study:

Eclampsia, was diagnosed if there was history of generalized tonic clonic convulsions with elevated blood pressure (BP) (\>140/90 mm Hg) and proteinuria (≥ 1+by dipstick method), in the absence of any underlying seizure disorders, after 20 weeks of gestational age\[[@ref22]\]All cases of antepartum, intrapartum eclampsia, presenting in obstetric emergency, labor rooms, and/or wardsThose who gave informed consent to participate in the study.

### Exclusion Criteria {#sec3-6}

Following patients were excluded from the study:

Eclampsia patients with complications such as renal failure, severe pulmonary edema with respiratory failure, cerebrovascular accident, and disseminated intravascular coagulation (DIC)Patients who received magnesium sulfate before coming to our hospitalPatients with known seizure disorderNeonates of multiple pregnancies, those with congenital malformations and neonates of birth weight \<1000 g.

### Methodology {#sec3-7}

In all cases detailed history regarding last last menstrual period (LMP), high BP recordings and medications taken, headache, blurring of vision, epigastric pain, number of convulsions, history of preeclampsia/eclampsia in previous and present pregnancy were noted. General physical examination included assessing patient\'s Glasgow Coma score, vital signs, BP recording, pallor, edema, cyanosis. Systemic examination included respiratory, cardiovascular, neurological and fundus examination. Obstetrical, pelvic examination were conducted, bishop scores were assigned. Obstetrical examination was conducted by attending obstetric and gynecology personnel. Laboratory investigations performed were blood group and Rh type, haemogram, platelet count, liver function tests, renal function tests, serum electrolytes, coagulation profile, and urinary protein concentration.

After taking informed consent, 109 patients with eclampsia were included in this study. They were administered low-dose magnesium sulfate regimen. Magnesium Sulfate Injection IP 50% w/v: (Ciron Drugs & Pharmaceuticals Pvt., Ltd.) (20,550 mmol/L), (2 ml ampoule) was used. Low-dose regimen protocol includes loading dose -- 3 g of magnesium sulfate (20% solution) (8,220 mmol/L) prepared from (3 ampoules), 6 ml of 50% solution diluted with 5% dextrose solution and made up to 15 ml, given intravenously slowly (15 min) at the rate of 1 ml/min plus 2.5 g of magnesium sulfate (50% solution) (2.5 ampoules), 5 ml, given intramuscularly in each buttock (for a total of 8 g of magnesium sulfate).

Subsequently magnesium sulfate maintenance dose of 2.5 g (50% solution) (2.5 ampoules), 5 ml, given every 4 hourly intramuscularly in alternate buttock.

If there was a seizure recurrence, after administering the loading dose, then additional dose of 1 g magnesium sulfate (20% solution), prepared from (1 ampoule), 2 ml of 50% solution diluted with 5% dextrose solution and made up to 5 ml, was administered i.v. slowly, at the rate of 1 ml/min, after each recurring seizure and previous dose schedule was continued.

All patients with eclampsia (133) were administered low-dose magnesium sulfate regimen. Those with complications were managed with drugs and supportives; patients with pulmonary edema were administered i.v. furosemide, patients with heart failure were administered i.v. furosemide, digitalis, treated in intensive treatment unit with ventilatory support, patients with renal failure were managed with i.v. fluids, i.v. diuretics and haemodialysis. Patients with DIC were managed with fresh whole blood transfusion and fresh frozen plasma (FFP) transfusion. If diastolic BP was higher than 120 mmHg i.v. labetalol was used.

After stabilization of the patient, artificial rupture of membrane plus oxytocin administration was used to induce labor, (in patients who did not have a spontaneous onset of labor), with dinoprostone gel used only occasionally. In this low-resource setting, vaginal delivery was preferred to avoid the anesthetic and operative hazards of caesarean delivery. Caesarean section was performed for obstetrical indications. All obstetrical interventions were at the discretion of attending obstetric personnel.

Neonatal birth weight, Apgar score at 1, 5 min were recorded. A maximum score of 10 and minimum score of 0 was assigned to the neonates. Presence of respiratory distress, requirement of intubation in delivery room, presence of bradycardia, hypotonia, hyporeflexia, NICU care requirement, requirement of significant respiratory support in NICU, time to first stool, time to first void, number of episodes of feeding intolerance were recorded. Still births and early neonatal deaths were also noted. Neonatal birth weight was recorded by nurses. Apgar score and other parameters of uncomplicated deliveries were assessed by the researchers. In all other cases assessment was by attending pediatric faculty and neonatology personnel, who were routinely present for all high risk deliveries. The event recording limit was set up at 20 s for apnea/respiratory depression, and at \< 90 beats/min for bradycardia \> 5 s in duration. Neonatal hypotonia was diagnosed if neonate was limp or flaccid and exhibited reduced activity. Time to first stool and first void were said to be delayed if these occurred beyond 24 h and 48 h respectively. Feeding intolerance was said to be present if there were ≥ 3 episodes of feeding intolerance in a day. Neonatal resuscitation in the labor room and NICU was at the discretion of attending pediatric and neonatology personnel. Neonatal resuscitation was as per standardized protocol.

All the adverse events were reported to the pharmacovigilance unit of the institution in Central Drugs Standard Control Organization (CDSCO) reporting form.

Maternal blood samples were collected at 0 h (before administering magnesium sulfate) and at the time of delivery. Cord blood samples were also collected at the time of delivery.

Serum magnesium levels were estimated by dye binding assay using Randox commercial kit adopted to Beckman Coulter Synchron Cx5 random access clinical chemistry analyzer. Magnesium ion reacted with xylidyl blue in an alkaline medium to form a water soluble purple-red chelate, the color intensity of which was proportional to the concentration of magnesium in the sample. Interference of calcium was excluded from the reaction by complexing with ethylene glycol tetraacetic acid (EGTA). Cord blood magnesium levels were correlated with maternal serum magnesium levels, at the time of delivery. Clinical findings of the neonates were correlated with cord blood magnesium levels.

Maternal height and weight were recorded on the 3^rd^ or 4^th^ day after delivery, when the patient was ambulatory.

### Statistics {#sec3-8}

Values are expressed as mean ± standard deviation/frequency (percent). The Pearson Correlation Coefficient (parametric) was used to determine correlation between cord blood magnesium level and maternal serum magnesium level (at the time of delivery). Pearson Correlation Coefficient was also used to determine correlation between Apgar score and cord blood magnesium level. Unpaired *t*-test (parametric) was used for comparison of maternal serum magnesium level (at the time of delivery) between the groups (received 8 g and \> 8 g magnesium sulfate, uptil delivery). Unpaired *t*-test was also used to compare cord blood magnesium level between the groups. Unpaired *t*-test was used for comparison of gestational age, birth weight, Apgar score between the groups. The Chi-square/Fisher\'s exact test (for categorical data) was used to determine whether there was statistically significant difference between the groups with respect to primary study parameters. *P* ≤ 0.05 were considered significant.

Results {#sec1-3}
=======

There were total 133 eclampsia cases admitted to the hospital during the study period and after exclusion only 109 cases met the inclusion criteria. Of them, seven unbooked mothers had multiple pregnancy, and were excluded from the study. Also two neonates were of birth weight \<1000 g, and were excluded from the study.

Mean age of study population was 22.11 ± 1.67 years. Most (80%) were primigravidas from rural communities who had received little or no antenatal care. The number of convulsions before admission varied from 4 to 8. Seizures on the way to the hospital were very common, but medical help was seldom available during transportation. Most women were of small stature, with a mean height of 151 ± 5.0 cm, a mean weight of 42.7 ± 5.2 kg, and a mean body mass index (calculated as weight in kilograms divided by the square of height in meters) of 20.55 ± 1.02.

The mean maternal serum magnesium level (0 h) was 1 mmol/L. Mean number of doses of magnesium sulfate given (uptil delivery) was 4.56 ± 1.38. Mean total dose of magnesium sulfate administered till delivery was 8.57 ± 2.45 g. Eighty (80%) patients required 8 g and 20 (20%) patients required \> 8 g of magnesium sulfate. Eclamptic mothers who had received longer duration of therapy (\> 4 h, i.e., one or more maintenance doses) and also eclamptic mothers who had received additional doses of magnesium sulfate due to recurrent convulsions, had received \> 8 g of magnesium sulfate (uptil delivery); rest of the patients had received 8 g magnesium sulfate (i.e., loading dose only), uptil delivery. Of the patients, (90%) had a vaginal delivery, which was forceps assisted in (12%) cases. There was no maternal mortality observed.
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### Serum Magnesium Levels {#sec3-9}

The mean maternal serum magnesium level was 2.3 mmol/L for patients received 8 g magnesium sulfate, and 3.46 mmol/L for patients received \> 8 g magnesium sulfate (difference of means 1.16, 95% confidence interval 1.08 to1.38) \[[Figure 1](#F1){ref-type="fig"}\]. The mean cord blood magnesium level was 2.2 mmol/L and 3.36 mmol/L, for the groups respectively (difference of means 1.16, 95% confidence interval 1.08 to1.38) \[[Figure 2](#F2){ref-type="fig"}\]. Cord blood magnesium level was found to increase significantly with increase in maternal serum magnesium level (at the time of delivery), (R = 1.000, *P* = 0.000) \[[Figure 3](#F3){ref-type="fig"}\].

![Box plot: Comparison of maternal serum magnesium level (at the time of delivery), between the groups (received 8 g and \>8 g magnesium sulfate, uptil delivery). Unpaired *t*-test, *t*(97.779)=16.287, *P*=0.000 (*P* is significant)](IJPharm-47-502-g001){#F1}

![Box plot: Comparison of neonatal cord blood magnesium level between the groups received 8 g and \>8 g magnesium sulfate, uptil delivery. Unpaired *t*-test, *t*(97.405)=16.259, *P*=0.000 (*P* is significant)](IJPharm-47-502-g002){#F2}

![Scatter/Dot: Correlation of cord blood magnesium level with maternal serum magnesium level (at the time of delivery). Pearson Correlation Coefficient, *R*=1.000, *P*=0.000 (*P* is significant)](IJPharm-47-502-g003){#F3}

### Apgar Score and Neonatal Outcome {#sec3-10}

Gestational age at delivery and neonatal birth weight did not vary significantly between the groups \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. Apgar score was significantly lower in neonates of patients who had received \> 8 g magnesium sulfate (*P* ≤ 0.05) \[[Table 1](#T1){ref-type="table"}\]. Neonatal outcome was significantly poorer, in neonates of patients who had received \> 8 g magnesium sulfate (*P* ≤ 0.05) \[[Table 2](#T2){ref-type="table"}\].

###### 

Gestational age, Birth weight, Apgar score in relation to total dose of magnesium sulfate administered to eclamptic mother (uptil delivery) with low-dose magnesium sulfate regimen

![](IJPharm-47-502-g004)

###### 

Neonatal outcome in relation to total dose of magnesium sulfate administered to eclamptic mother (uptil delivery) with low-dose magnesium sulfate regimen

![](IJPharm-47-502-g005)

### Correlation of Neonatal Outcome Parameters with Serum Magnesium Level {#sec3-11}

Apgar scores decreased significantly with increase in cord blood magnesium levels \[[Table 3](#T3){ref-type="table"}\]. Cord blood magnesium level of severely depressed neonates (Apgar score ≤ 3), was in the range of (3.3--3.5 mmol/L). Cord blood magnesium level of neonates with hypotonia, hyporeflexia was of the order of (3.2--3.4 mmol/L). Cord blood magnesium level of neonates with bradycardia, respiratory depression, and delayed time to first stool was (3.3--3.4 mmol/L). Six (6%) still births were recorded; neonatal cord blood magnesium level was 3.5-3.8 mmol/L \[[Table 4](#T4){ref-type="table"}\]. One case of neonatal death, due to birth asphyxia, was noted; cord blood magnesium level was 3.7 mmol/L \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of Apgar score with cord blood magnesium level

![](IJPharm-47-502-g006)

###### 

Perinatal outcome following maternal treatment with low-dose magnesium sulfate for eclampsia

![](IJPharm-47-502-g007)

Discussion {#sec1-4}
==========

The perinatal mortality rate was 8% in the present study. There were 6 (6%) stillbirths and early neonatal deaths were 2 (2%). Birth asphyxia led to 1% neonatal death, (1% neonatal death was due to cause other than complications related to neonatal hypermagnesemia). In the present study, birth asphyxia was observed in 14 (14.89%) newborns. Similar results were observed by researchers, using low-dose magnesium sulfate regimen, for the treatment of eclamptic mothers.\[[@ref17][@ref23]\] Studies using standard dose magnesium sulfate regimen (Pritchard regimen) in our hospital, reported perinatal death 30.07% - still birth rate 22.7% and neonatal death 7.67%.\[[@ref24]\] Collaborative Eclampsia Trial using standard dose magnesium sulfate regimen, found perinatal mortality rate of 24-26% and birth asphyxia of 44-48% in eclampsia.\[[@ref9]\]

Our analysis indicates that several neonatal outcomes are significantly related to increasing concentrations of magnesium ion in the maternal circulation. Apgar scores were decreased, and hypotonia, intubation in the delivery room, and admission to NICU were all increased as the maternal magnesium level increased from 1.5 to 3.5 mmol/L or greater. The great preponderance of maternal magnesium levels were in the desired therapeutic range of 2.0 to 3.5 mmol/L; only 2 (2%) women had levels exceeding 3.8 mmol/L and the highest level was 4.0 mmol/L. That is, the neonatal effects of magnesium ion that we observed occurred primarily within the therapeutic range and were not solely attributable to excessive levels of magnesium in the maternal circulation. Similar results have been reported by other studies.\[[@ref14][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31]\]

The great preponderance of cord blood magnesium levels were in the range of 1.2 to 3.4 mmol/L. Cord blood magnesium level was 80--96% of maternal serum magnesium level. Similar results have been reported by other studies.\[[@ref32]\] Only 2 (2%) neonates had levels exceeding 3.6 mmol/L, and the highest level was 3.8 mmol/L. All adverse neonatal effects of magnesium sulfate, including neonatal death and serious morbidities such as need for significant respiratory support in NICU were statistically related to higher cord blood magnesium levels. However, we believe that larger prospective trials would be necessary to more completely evaluate the potential adverse effects of neonatal hypermagnesemia.

Low-dose magnesium sulfate regimen used in the treatment of eclampsia are Dhaka regimen and Bankura regimen.\[[@ref16][@ref17]\] Dose of magnesium sulfate is 40% lower than in the Collaborative Eclampsia Trial, using standard Pritchard regimen - (40 g vs. 25.9 g; *P* \< 0.001) in Dhaka regimen and (40 g vs. 23.9 g; *P* \< 0.001) in Bankura regimen.\[[@ref9][@ref16][@ref17]\] The results are clinically relevant to physicians from low-income countries, where maternal height and weight are almost always low. The study results have various implications:First, following the regimen virtually eliminated the risk of magnesium toxicity to mothers and newborns and thus increased the safety of the drug. Second, with a lesser toxicity, magnesium sulfate treatment is likely to become acceptable at peripheral health centers. Recent evidence from Bangladesh suggests that administering the drug at peripheral health centres significantly reduces the recurrence of seizures, maternal deaths and improves perinatal outcome.\[[@ref33]\] In the present study, very few patients had received magnesium sulfate before admission to Burdwan Medical College and Hospital.

 {#sec2-3}

### Limitations of the Study {#sec3-12}

Facilities for continuous electrocardiographic monitoring of all the newborns was not available in our set up; so bradycardia and subtle ECG changes due to neonatal hypermagnesemia, could not be monitored.

Conclusion {#sec1-5}
==========

The increasing, almost ubiquitous use of magnesium sulfate in obstetrics has not occurred without concerns as to the safety of magnesium sulfate. More studies are required for documentation of maternal adverse drug events with magnesium sulfate. Our results, showing neonatal effects and confirming largely forgotten observations made more than 40 years ago, lead us to conclude that administration of magnesium sulfate to pregnant women has discernible effects on the neonate.
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